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ABSTRACT 

Stud ies  have continued i n  t h e  vacuum u l t r a v i o l e t  pho to lys i s  

of hydrazine wi th  an attempt t o  e luc ida te  t h e  primary photochemical 

p rocess  based on our  prev ious ly  repor ted  spectroscopic  observat ions 

and supplemented t h i s  quarter with product analysis .  

ni t rogen,  and hydrogen have been de tec ted  and t h e  effect of pressure 

and wavelengkh on t h e i r  formation has been examined. 

Ammonia, 

Conclusive evidence f o r  CO and C02 formation i n  pho to lys i s  of 

aseous mixtures and i n  photo lys i s  of t h e  methane hydra te  CH -H 0 

~ ~ ~ 6 ~ 2 0  a t  -196OC has been obtained us ing  i s o t o p i c a l l y  l a b e l l e d  

o q g e n  IS w a t e r ,  

C2H6-%0 have a l s o  been examined, 

4 z g  

The gas  phase photo lys i s  or' C H -H U C H -H 0, and 2 2  2' 2 4  2 

The cons t ruc t ion  of the p ro ton  source f o r  t h e  bombardment of 

low temperature s o l i d s  has been completed. 

iii 
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1. THE PRIMARY PHOTOCHENICAL PROCZSS I N  THE VACUUM ULTRAVIOLET 

PHOTOLYSIS OF HYDRAZINE 

1.1 Int roduct ion  

Photo lys i s  of hydrazine i n  t h e  p re s su re  reg ion  of 10% Hg 

a t  t h e  K r  resonance l i n e s  (U651 and 12362) results i n  t h e  observa t ion  

of emission at  33608 corresponding t o  t h e  t r a n s i t i o n  
0 

"(A%) ,-) NH(X3z') * hV3360 (1) 

W'ith continued photo lys i s ,  t h e  NH emission a t  32401 corresponding t o  

t h e  t r a n s i t i o n  

"(c'H) __j " ( a l ~ )  + b 3 2 4 0  (2) 

begins  t o  be observed. Since t h i s  emission is  a l s o  observed i n  t h e  

vacuum u l t r a v i o l e t  pho to lys i s  of ammonia,' t h e  accumulation of ammonia 

as a product of t h e  pho to lys i s -o f  hydrazine is suggested. No kmission 

is observed during pho to lys i s  of hydrazine a t  t h e  Xe resonance l i n e s  

(1470A and 12952). 

r epor t ,  a paper  has appeared by Becker and Welge 

t h e  vacuum u l t r a v i o l e t  pho to lys i s  of N H 

f i n d i n g s  as previous ly  reported.  

photochemical process i n  t h e  vacuum u l t r a v i o l e t  pho to lys i s  of hydrazine 

3 l ead ing  t o  t h e  product ion of "(A v ) ,  t h e  products  of t h e  r e a c t i o n  

have been examined as a func t ion  of pressure and wavelength, 

0 
Since t h e  submission of t h e  previous q u a r t e r l y  

2 on NH emission i n  

which cor robora tes  ou r  

I n  an attempt t o  determine t h e  primary 

2 4  

1. 
2. 

K. H. Becker and K. H. Welge, 2. Naturforsch. 18a, 600 (1963). 
K. H. Becker and K. H, Welge, 2. Naturforsch. 19a, 1006 (1964). 

- - 

1 
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1.2 Results 

The only products  detected i n  t h e  photo lys i s  of hydrazine 

are ammonia, n i t rogen  and hydrogen. 

product formed p e r  quantum of l i g h t  absorbed) f o r  t h e s e  products  as 

w e l l  as an estimate of t h e  quantum y i e l d  f o r  hydrazine disappearance 

The quantum y i e l d  (molecules of 

have been determined (tables 1 and 2) i n  t h e  micron p res su re  reg ion  

and i n  t h e  mi l l imeter  pressure  reg ion  a t  both  t h e  K r  and X e  resonance 

l i nes  . 
Table 1 

E f f e c t  of P res su re  on t h e  Quantum Yie ld  ( q  ) of Product 
Formation and Hydrazine Disappearance i n  t h e  Photo lys i  
of Hydrazine a t  t h e  K.r resonance l i n e s  (12361 and 1165 ) P 

Pressure  of Hydrazine 1 t o 3 m m  

100 2 0.1 

0.5 2 0.05 

1.0 2 0.1 

-1 

Table 2 

Effec t  of Pressure  on t h e  Quantum Yield (4) of 
Product Formation and Ifydrazine Disappearance 

i n  t h e  Photo lys i s  of Hydrazine a t  t h e  Ice Resonance Line (lh701) 

Pressure  of Hydrazine 

m3 

H2 

B w2 

Q-N*H4 

10% 

0.2 

0.3 

0.4 

0.2 

15% 

0.30 ,* 0.05 

0.48 2 0.02 

0.58 ,* 0.02 

0.30 2 0.05 

0.5 

0.6 

1.0 - 0.5 
2 
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The effect of t h e  duration o f  photo lys i s  was  examined a t  

10% N2H4 f o r  pho to lys i s  a t  t h e  Kr l i n e s  and a t  159 N2H4 f o r  pho to lys i s  

a t  t h e  Xe l i n e ,  

of a l l  products and rate of disappearance of hydrazine are independent 

of t i m e  up t o  about 30% deconposit ion (photo lys i s  t ime of about 5 

minutes),  

wherein t h e  pressure of NH 

wi th  t i m e ,  

each absorbing 30% of t h e  inc iden t  l i g h t ,  

being photolyzed t o  produce ammonia and ammonia i s  being photolyzed t o  

produce hydrazine. Consequently, t h e  quantum y i e l d s  quoted i n  table 1 

have been determined a t  photo lys i s  times such t h a t  t h e  y i e l d s  are 

independent of t i m e ,  

a t  which measurable amounts of product could be obtained, s i g n i f i c a n t  

For pho to lys i s  a t  t h e  K r  l ines ,  t h e  rate of product ion 

Beyond this po in t ,  a s teady s ta te  appears t o  be maintained 

and pressure  of N H change v e r y l i t t l e  

It is  a t  t h i s  p o i n t  also t h a t  ammonia and hydrazine are 
3 2 4  

Evident ly  hydrazine is 

However, even a t  t h e  s h o r t e s t  pho to lys i s  times 

photodecomposition of ammonia was probably occurring. 

f,, represent  minimum values  and, since pho to lys i s  of ammonia 

Hence the 

prodices  hydrazine, t h e  values  determined f o r  4 -N a l s o  r e p r e s e n t  
211 

a m i n i m  f o r  hydrazine a c t u a l l y  being removed by photolysis .  

t h i s  considerat ion,  4 lH3 was t h e  most reproducible  quan t i ty  measured 

and d i d  not  appear t o  decrease with photo lys i s  time f o r  t h e  experiments 

Despite 

reported here, I n  t h e  millimeter Hg pressure range, t h e  pe rcen t  

decomposition is  of course smaller and subsequent photo lys i s  of 

products  i s  neg l ig ib ly  s m a l l .  

ance is  however only approximate i n  t h i s  range s i n c e  t h e  change i n  

The quantum y i e l d  f o r  hydrazine disappear- 

p re s su re  i s  small, The relative absorpt ion c o e f f i c i e n t s  of N H and 2 4  

3 
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t h e  low pressure  experiments. 

a t  1470A a r e  such t h a t  product, pho to lys i s  i s  not a problem even f o r  3 
I n  general, t h e  r e s u l t s  f o r  14701 

pho to lys i s  are more reproducib le  and no e f f e c t  of t h e  dura t ion  of t h e  

pho to lys i s  on t h e  quantum y i e l d s  was observed f o r  up t o  30% decomposition. 

1.3 Discussion 

While all t h e  results cannot be completely explained on t h e  

b a s i s  of any one primary process a t  t h e  p re sen t  t i m e ,  t h e  process  

~ 2 ~ 4  4 hv -) "(A%) + m3 

"(A% 1 --) "(x3z-) + h,,h 2 J V W  

(3) 

comes t h e  c l o s e s t  t o  so doing and w i l l  t h e r e f o r e  form t h e  b a s i s  f o r  our 

discussion. Process (1) would be expected t o  be followed by 

(1) 

(4) 2" ~-) N2 + H 2  

= qAp = 0.5, One would t h e r e f o r e  expect 4 -N2H4 = 

It may be seen from t h e  t h i r d  column of t a b l e  1 t h a t  i n  pho to lys i s  a t  

= 1 and f 
%! m3 

Kr l i n e s  f o r  p re s su re  i n  range 1-3 mm, t h i s  expec ta t ion  i s  r e a l i z e d  

and f-N2Hb 
wi th  t h e  exception t h a t  CfH2 = 1. The l o w  va lues  f o r  4 
a t  100~ 2nd t h e  f a c t  t h a t  t h e  3240g NH emission i s  observed after a f e w  

"3 

minutes pho to lys i s  suggest t h a t  photodecomposition of t h e  ammonia 

product i s  occurring. 

fol lowing primary processes  occur  a t  t h e  K r  l i n e s  

McNesby, Tanaka and Okabe' have shown t h a t  t h e  

3. J. R. McNesby, I. Tanaka and H. Okabe, J. Chem. Phys. 36, 605 (1962). - 



with  process (6) being about 1/6 as probable  as process (5). 

formation of NH(cLF() has been e s t ab l i shed  by Becker and Welge1j2 in 

k o n i a  photo lys i s ,  

photodecomposition of amnonia according t o  ( 5 )  and (6) 

The 

Thus occurrence of (3)  followed by part ia l .  

0 . S T  4 H 

0.6NH3 . - ~ O . l r m c c ~  ) + 0.13 

O.s", __3 0*2SN& 

O.lNH(c%() ,-) O,lN'H(ald + hv32Lo 

1.m .-) O*SSH, L + 0.555 

l e a d s  t o  t h e  o v e r a l l  result 

0.7sN2Hh + 100hV .-! 0.40NH3 + 0.55N2 + 0.6SH2 

which i s  cons i s t en t  wi th  our observations. 

1/2 of t h e  MH 

The decomposition of about 

formed i n i t i a l l y  (assuming4 = 1) is  c o n s i s t e n t  with 
3 "3 

t h e  du ra t ion  of t h e  experiments, t h e  known i n t e n s i t y  of t h e  Kr lamp, 

t h e  est imated e f f e c t i v e  concentration of NH during pho to lys i s  and t h e  3 
known absorp t ion  c o e f f i c i e n t  of N2H4 (381 crn-latm-l) and NH3 k 

2 (400 m-latm-l). The occurrence of 

N2H4 NH(A3a) + NH + H;! (6) 

which is e n e r g e t i c a l l y  p o s s i b l e  a t  t h e  12362 K r  line, followed by 

4, M. Zelikoff and K. Watanabe, J. Opt. SOC. Am. 43, 756 (1953). 
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. Our es t imat ion  
would  r equ i r e f  -N2H4 = q N H 3  and that 4 H 2  f N 2  

t h a t  a l l  t h e s e  quantum y i e l d s  a r e  t h e  same o r  near ly  so i n d i c a t e s  t h a t  

t h e  cont r ibu t ion  of r eac t ion  (6) must be r a t h e r  small. Other sequences 

involving secondary formation of NH are sub jec t  t o  similar criticisms. 3 
and a t  t h e  K r  l i n e s  could a lso  be Our results a t  loop N H 2 4  

explained by formation of NH with s u f f i c i e n t  enera  t o  decompose t o  

NH2 + H if it is  not  quenched by c o l l i s i o n  with another  molecule 
3 

N 2 2  H + hvr-) NH(A3fl) * NH3* ( 7 )  

This  however requires lO~k.cal/mole over and above t h e  1 3 ~ . c a l / m o l e  

f o r  r eac t ion  (3) o r  a t o t a l  requirement of 238k.cal/mole. 

have previous ly  shown t h a t  t h e  WH emission a t  33601 i s  s t i l l  produced 

S ince  we 

when hydrazine i s  photolyzed using a K r  lamp with a CaF2 window 

(e l imina t ing  t h e  weaker 116SA l i n e )  t h e  process  producing "(A3$) must 

require 232k.cal/mole o r  less. 

0 

Thus e i t h e r  (7) followed par t ia l ly  by 

NH; ,-) FJH2 *. H ( 7 4  

does not  occur o r  t h e  hea t s  of formation used t o  estimate AH f o r  

r e a c t i o n  ( 7 )  and (7a) are o f f  by a t  l eas t  6k.cal/mole. 

There i s  no apparent reason why process  (3)  which has a 

ca lcu la ted  AH = 134k,cal/mole should not  occur a t  the  Xe resonance 

l i n e  (lb70x o r  195k,cal /e instein) ,  unless all o r  most of t h e  excess 

energy i s  not  requi red  t o  form ground state NH 

*ZH4 _I) "(932 ') + NH3* (8) 

3 i s  p r e s e n t  as e x c i t a t i o n  energy i n  NH3. 

could be as high as lh6k.cal/mole. 

subsequent decomposition o f  NH3 

The excess energy i n  NH * 
Occurrence of  p rocess  (8) wi th  

+$ would result i n  low va lues  f o r  4 
"3  

6 
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46 a t  low pressure  and even a t  high p res su re  i f  NH i s  t o o  3 and f 
s h o r t  l i v e d  t o  be e f f e c t i v e l y  quenched by c o l l i s i o n s  i n  t h e  gas phase. 

4%" 

This is  what we observe q u a l i t a t i v e l y ;  t h e r e  is  a d e f i n i t e  t r end  t o  

h ighe r  values f o r f  and with increas ing  pressure  i n  

p h o t o l y s i s  a t  14708 ( t a b l e  2), and even i n  t h e  millimeter reg ion  

i s  s t i l l  less t h a n  1. 

wH3 

More experiments w i l l  have t o  be performed before  t h e  
v 

importance of many of t h e s e  processes can be determined. The effect 

of a high p res su re  of an i n e r t  gas would be  of i n t e r e s t ,  e s p e c i a l l y  

a t  1470A. 
0 

The e f f e c t  of a hydrogen atom scavenger such as C2D4 on 

. t h e  hydrogen production3 should be examined. Photo lys i s  a t  o t h e r  

wavelengths would be s ign i f i can t  s i n c e  r e a c t i o n  (3)  is  e n e r g e t i c a l l y  

p o s s i b l e  for wavelengths up t o  2139 and t h e  o v e r a l l  r e a c t i o n  (7 plus 7a )  

( 9 )  

i s  more l i k e l y  t o  be e n e r g e t i c a l l y  poss ib l e  a t  Lyman-d, (12161 o r  

23Sk.cal/einstein) than  a t  12361. 

2. PHOTON I%?UCED CHENICAL COWVERSION IN THE LOV TEPZRATURE 

ME3"AIW HYDRATE CHb;6H20 

2.1 In t roduct ion  

Previously w e  have observed t h a t  pho to lys i s  a t  t h e  K r  

resonance l i n e s  (123611 and 11652) of CH4*6H20 results i n  t h e  formation 

of H2, C2%, and C02. Because of t h e  unexpected C02 formation, g r e a t  

c a r e  w a s  %&en t o  a s c e r t a i n  t h a t  t h e  s t a r t i n g  materials were free 

from CO contamination. However, because of t h e  g r e a t  p o t e n t i a l  

s ign i f i cance  of CO 
2 

formation upon i r r a d i a t i o n  of CH *6H 0 a t  -196Oc, 
2 4 2  

7 



it w a s  f e l t  t h a t  an unequivocable demonstration w a s  requi red  of t h e  

fact  t h a t  t h e  water i n  t h e  hydrate ( r a t h e r  than  poss ib l e  oxyeen 

conta in ing  contaminants) w a s  t h e  source of CO 

repeated t h e  experiments us ing  o v g e n  18 water (SO$ H$?' 8 ). The 

formation of CO$8 (mass 48 i n  a mass spectrometer) serves as evidence 

t h a t  C02 comes from water deposit .  

CH 

GO2 has  been observed as a product i n  t h e s e  experiments as w e l l .  

Consequently, we have 2' 

The experiments where mixtures of 

and H20 were photolyzed i n  the gas phase were a l s o  repeated since 4 

The presence of CO as a product of t h e  pho to lys i s  has been 

suspected i n  previous experiments, bu t  i d e n t i f i c a t i o n  was  made 

d i f f i c ru l t ' o r  impossible  due t o  N2 contaninataim in the CHI 

t i o n  of CO i n  presence of N2 requi res  t h a t  t h a t  mass ra t io  28/14 i n  

t h e  mass spectrometer crocking pa t t e rn  be accurately determined. 

presence of a l a r g e  excess of CH (over 90% of sample after pho to lys i s )  

and t h e  cont r ibu t ion  of CH p a t t e r n  t o  16, 15 and 

any such determination. 

t h e  forr;$tion of C0lB appearing a t  mass 30 i n  t h e  spectrometer and 

t h e  presence of CO may then  be directly establ ished.  

Tb+ermin+ 
LI= -I-.----- 

The 

4 
peaks prec ludes  l.k 

However, t h e  use  of H2018 should result i n  

F ina l ly ,  t h e  gas phase pho to lys i s  of mixtures of C2H2, C2H4, 

and C2H6 with water have been examined f o r  comparison with t h e  CH4-H20 

system. 

2.2 Results and Discussion 

The pho to lys i s  o f  CH4-H2018 gaseous mixtures and t h e  

pho to lys i s  of t h e  

formation of CG8 and C0218 as i d e n t i f i e d  by masses 30 and 48 

c l a t h r a t e  a t  - 1 9 6 O c  both  result i n  t h e  

I 

8 



r e s p e c t i v e l y  i n  t h e  mass spectrometer. 

CHh-H2016 i n  t h e  same c e l l  d id  no t  result i n  

i n d i c a t i n g  t h a t  i s o t o p i c  exchange was not occurring w i t h  water poss ib ly  

absorbed i n  t h e  system. 

Subsequent photo lys i s  of 

o r  CO2I8 forination, 

The amount of C&', which can be d i r e c t l y  

determined from t h e  s i z e  of t h e  mass 30 peak, is  cQmparable t o  t h e  

C02 formed i n  both t h e  gas  and s o l i d  phases. Precise determination 

of t h e  amount of CO is not poss ib l e  s i n c e  it rep resen t s  but a f e w  

percent  of a l a r g e  sample analyzed (90% CH remainder H2, W2, and CO). 4' 
T h e  poss ib l e  presence of o t h e r  olrygenated compounds i n  t h e  

f r a c t i o n  removed a t  -8OOC (mainly C02 and C2%) is  indica ted  by t h e  

f a c t  t h a t  i n  t h e  H20 experiments, c e r t a i n  unexplained peaks appear 

a t  masses 29 t o  32 whereas i n  t h e  H,016 experiments, unaccounted ' for  

con t r ibu t ions  t o  masses 28 and 29 are usually observed. 

l a  

This shift 

sugges ts  t h a t  t h e  i o n s  i n  question con ta in  oxygen. I n  t h e  pho to lys i s  

of gaseous mixtures of C2H2 and H20 o r  C2Hk and H20, CO is  a major 

product (along w i t h  hydrogen), but C02 i s  not formed, I n  t h e  case 

of C H -H 0, very s m a l l  amounts of C02 have been observed. 

r e s u l t s  may have some bear ing  on t h e  ques t ion  as t o  whether o r  no t  

These 
2 6  2 

CO i s  an in te rmedia te  i n  t h e  formation of C02* 

3 .  PROTON BOMBARDPENT OF LOW TE3PERATIJRE'SOLIDS 

The proton source and assoc ia ted  gas  handling systen for  low 

temperature s o l i d  s t u d i e s  (4OK I__. 9OoK) has been completed. 

system w i l l  provide f o r  chemical a n a l y s i s  of t h e  s o l i d  as w e l l  as 

emission and absorption s tudies .  

The 

I n  add i t ion  simultaneous photon and 

o r  e l e c t r o n  bombardment can be incorpora ted  i n t o  t h e  apparatus with 

o n l y  s l i g h t  modification, 

9 



A t  t h e  present  time t h e  system is being optimized f o r  beam 

geometry, p a r t i c l e  flux and energy range. 

i n d i c a t e  a proton-ion cu r ren t  of 5 x lo4 amps a t  t h e  ion b o t t l e ,  using 

Prel iminary measurements 

a biased  fa raday  cup t o  e l imina te  secondary e lec t rons .  

w i l l .  i n i t i a l l y  provide a mixed beam of %+ and H ions. 

w i l l  be done wi th  a magnetic analyzer t o  e l imina te  t h e  H2 

The i o n  source 

L a t e r  s t u d i e s  4 

* 
ion. 

10 


